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TONER FOR DEVELOPMENT OF ELECTROSTATICALLY CHARGED IMAGE 



CONTAINING POLYOLEFIN RESIN HAVING CYCLIC STRUCTURE 



FIELD OF THE INVENTION 

present invention relates to a toner for 
development of an electrostatic^ly charged image. More 
specifically, this invention relates to a dry one-component 
magnetic toner, a dry one-cpmponent nonmagnetic toner, a dry 
two-component toner, a dry polymerized toner, a liquid dried 
toner, or a liquid tomar which, when fixed, is excellent in 
anti-spent toner ef^ct, and can form a well fixed, highly 
transparent , sha^> image . 

The invention also relates to the above-mentioned 
toner for use in copiers , printers, facsimile machines , color 
copiers, coxor laser copiers, color laser printers, and 
electrophoitographic high speed printers . 

BACKGROUND OF THE INVENTION 

Electrostatically charged image developing copiers 
and printers are gaining popularity because of widespread 
office automation. With this background, demand is growing 
for high grade or sharp copied images which are highly light 
transmissive and well fixed. 

Under these circumstances , we stated to the following 
effect in Japanese Patent Application No. 354063/95 (filed 
December 29, 1995), which was not laid open to the public 
when the present application was filed: "The relevant 
problem can be solved or diminished by using a polyolef in 
resin having a cyclic structure as a binder resin for a toner 
for heat roller fixing type electrostatically charged image 



developing copiers and printers, and also by incorporating 
less than 50% by weight of the polyolefin resin with a high 
viscosity into the entire binder resin. As a result, a sharp, 
high quality copied image which is excellent in fixing, light 
transmission and anti-spent toner effect can be obtained. 
Particularly when this resin is used in a color toner, its 
characteristics are exhibited. " 

This previous invention, however, was defective in 
that it was difficult to get a sufficiently broad offset-free 
temperature range suitable for practical use, and scarcely 
achieved an enough fixing property at an even higher copying 
speed to meet users' requirement - 

In fixing a toner image onto plain paper or an OHP 
film, various fixing methods are available, such as hot 
roller fixing, hot belt fixing, pressure fixing, radiant heat 
fixing, or flash fixing. In recent years, energy saving 
symbolized by "Energystar restriction" has been demanded 
increasingly, and demand has become intense for a toner 
fixable at a low temperature and a low pressure. The thermal 
properties and mechanical properties of conventional 
styrene-acrylate resins and polyester resins, or the 
polyolefin resins having a cyclic structure described in 
Japanese Patent Application No. 354063/95 cannot satisfy the 
requirements at lower temperatures or pressures than the 
current level. Improvement in the thermal properties of 
these resins on one hand resulted in the deterioration of 
storage stability of the toner on the other hand. 

General formulations for toners in electrostatically 
charged image developing copiers and printers are shown in 
Table 1. 
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The object of the present invention is to provide a 
toner in a dry two-component, dry nonmagnetic one-component, 
dry magnetic one-component, dry polymerized, liquid dried, 
or liquid toner developer which exhibits the effects achieved 
by Japanese Patent Application No. 354063/95, is to propose 
a sufficiently broad offset-free temperature range suitable 
for practical use, can attain sufficient fixing property even 
by high speed copying, and gives a higher grade image, namely, 
good in fixing, highly optically transparent, sharp image 
in an electrostatically charged image developing copier or 
printer . 

DISCLOSURE OF THE INVENTION 

The foregoing object is attained by using as a binder 
resin for a toner a binder resin which at least contains a 
polyolefin resin having a cyclic structure, the polyolefin 
resin having a cyclic structure comprising a resin or resin 
fraction having a number average molecular weight (Mn) , as 
measured by GPC, of less than 7,500 and a resin or resin 
fraction having said niomber average molecular weight of 7, 500 
or more; and in which in said polyolefin resin haying a cyclic 
structure, a resin or resin fraction having an intrinsic' 
viscosity (i.v.) of 0.25 dl/g or mor6, a heat distortion 
temperature (HDT) by the DIN 53461-B method of 70''C or higher, 
and a number average molecular weight (Mn) of 7,500 or more 
and a weight average molecular weight (Mw) of 15, 000 or more, 
as measured by the GPC method, is contained in a proportion 
of less than 50% by weight based on the entire binder resin. 

Thus, the invention concerns a toner for development 



of an electrostatically charged image, the toner consisting 
essentially of a binder resin, a colorant, a function 
imparting agent (generally, wax as a mold release agent) , 
and a charge control agent, the binder resin at least 
containing the above-described polyolefin resin having a 
cyclic structure, the polyolefin resin satisfying the above 
conditions . 



herein is, for example, a copolymer of an a-olefin (broadly, 
an acyclic olefin) , such as ethylene, propylene or butylene, 
with a cyclic and/or polycyclic compound having at least one 
double bond, such as cyclohexene or norbornene 
tetracyclododecene (TCD) and dicyclopentadiene (DCPD) , the 
copolymer being colorless and transparent, and having high 
light transmission. This polyolefin resin having a cyclic 
structure is a polymer obtained, for instance, by a 
polymerization method using a metallocene catalyst or a 
Ziegler catalyst and catalyst for the metathesis 
polymerization, therefore double-bond-opening and ring- 
opening polymerization reactions. 

Examples of synthesis of the polyolefin resin having 
a cyclic structure are disclosed in JP-A-339327/93, JP- 
A-9223/93, JP-A-271628/94, EP-A-203799, EP-A-407870, EP- 
A-283164, EP-A-156464 and JP-A-253315/95 . 

According to these examples, the polyolefin resin is obtained 
by polymerizing optionally one acyclic olefin monomer with 
at least one cycloolefin monomer at a temperature of -78 to 
ISO^'C, preferably 20 to 80°C, and a pressure of 0.01 to 64 
bars in the presence of a catalyst comprising at least one 
metallocene containing zirconiim or hafnium together with 




The polyolefin resin having a cyclic structure used 
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a cocatalyst such as aluminoxane . Other useful polymers axe 
described in EP-A-317262, hydrogenated polymers and 
copolymers of styrene and dicyclopentadiene are useful too. 

When dissolved in an inert hydrocarbon such as an 
aliphatic or aromatic hydrocarbon, the metallocene catalyst 
is activated. Thus, the metallocene catalyst is dissolved, 
for example , in toluene for preliminary activation and 
reaction in the solvent. 

The important properties of COC cire softening point , 
melting point, viscosity, dielectric properties, anti off 
set window and transparency. These properties can be adjusted 
advantageously by selecting ratio of monomers / comonomers , 
ratio of comonomers in copolymer, molecular weight, 
molecular weight distribution, hybrid polymers, blends and 
additives . 

The molar ratio of the acyclic olefin and the 
cycloolef in charged for the reaction can be varied widely 
depending on the targeted polyolefin resin having a cyclic 
structure. This ratio is adjusted, preferably, to 50:1 to 
1:50, more preferably 20:1 to 1:20. 

When the copolymer components charged for the 
reaction are a total of two compounds , ethylene as the acyclic 
polyolefin and norbornene as the cycloolef in , the glass 
transition point (Tg) of the cyclic polyolefin resin as the 
reaction product is influenced greatly by their charge 
proportions. When content of norbornene is increased, the 
Tg also tends to rise. When the proportion of norbornene 
charged is approximately 60% by weight, for instance, the 
Tg is about 60 to 70" C. 

The physical properties , such as number average 



molecular weight are controlled as known from the 
literatures . 

The colorless, transparent, highly light- 
transraissive polyolefin having a cyclic structure used in 
the present invention may be a mixture of a low-viscosity 
resin having a number average molecular weight, as measured 
by GPC, of less than 7,500, preferably 1,000 to less than' 
7,500, more preferably 3,000 to less than 7,500, a weight, 
average molecular weight, as measured by GPC, of less than 
15 , 000 , preferably 1 , 000 to less than 15 , 000 , more preferably 
4,000 to less than 15,000, an intrinsic viscosity (i.v.) of 
less than 0.25 dl/g, Tg of preferably lower than 70" C, /and- 
a high-viscosity resin having a number average molecular 
weight , as measured by GPC , of 7 , 500 or more , preferably 7 , 500 
to 50,000, a weight, average molecular weight, as measured 
by GPC, of 15,000 or more, preferably 50,000 to 500,000, an 
i.v. of 0.25 dl/g or more. Alternatively, the polyolefin 
resin may have a molecular weight distribution with a single 
peak, and contain a resin fraction having a number average 
molecular weight of less than 7,500 and a resin fraction 
having a number average molecular weight of 7,500 or more. 
Alternatively, the polyolefin resin may have two or more 
peaks, in which its resin fraction having at least one of 
these peaks has a number average molecular weight of less 
than 7,500 and its resin fraction having the other peak has 
a number average molecular weight of 7 , 500 or more . The resin 
fractions mentioned here refer to respective resin 
components before mixing if the polyolefin resin having a 
cyclic structure is composed of a mixture of different 
components, such as those with various number average 
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molecular weights; otherwise it refers to resin divisions 
formed by fractionating the final synthetic product by 
suitable means such as GPC- If these resin fractions are 
monodisperse or close to monodisperse, Mn of 7,500 nearly 
corresponds to Mw of 15,000. 

The high-molecular weight/low-molecular weight 
polyolefin resin having a cyclic structure has the 
above-mentioned number average molecular weights Mn, weight 
average molecular weights Mw, intrinsic viscosities i.v. 
Thus, the Mw/Mn ratio, used as a measure of the degree of 
dispersion of molecular weight distribution, is as low as 



from 1 to 2.5, namely, a monodisperse or nearly monodisperse 
M state. Thus, a toner having a quick heat response and a high 

rU fixing strength can be produced. This polyolefin resin not 

only enables fixing at a low temperature and a low pressure, 
but also contributes to the storage stability, anti-spent 
toner effect, and electric stability properties such as 
uniform charge distribution or constant charging efficiency 
or charge elimination efficiency. If the low viscosity resin, 
in particular, is monodisperse or nearly monodisperse, the 
resulting toner shows better heat response characteristics, 
such as instantaneous melting or setting behavior. 

The high-viscosity/low-viscositypolyolef in resin 
having a cyclic structure, moreover, /Ls colorless, 

^^j^ transparent, ^^^^^^^^f^^^j^^^^^^^^^^^^^ ' instance, 
^ the azo pigment DGrmanent Rubin j^6B (Hoechst AG) was added 
to the resin, and the mixture/was thoroughly kneaded, and 
then formed into a sheet by means of a press. This sheet 
was confirmed to be highly transparent . Thus, the resin is 
sufficiently usable t<^ a color toner. Measurement by the 
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DSC method has shovm this polyolef in resin to require a very 
low heat of fusion. Hence, t£his resin can be expected to 
markedly reduce energy con^iumption for fixing. 

The high-viscosity polyolef in resin having a cyclic 
structure also has the above-mentioned properties; thus, as 
contrasted with the low-viscosity polyolef in resin, JJL 
imparts structural viscosity to the toner, thereby improving 
the offset preventing effect and the adhesion to a copying 
medium such as paper or film. 

If the amount of the high-viscosity resin used is 50% 
by weight or more based on the entire binder resin , the uniform 
kneading properties extremely decline, impeding the toner 
performance . That is , a high grade image , i.e., a sharp image 
with high fixing strength and excellent heat response, cannot 
be obtained. 

The toner for development of an electrostatically 
charged image according to the present invention has the 
binder resin at least containing the polyolef in resin having 
a cyclic structure, in which the polyolef in resins having 
low viscosity and high viscosity are used as the polyolef in 
resin. Hence, the offset-free temperature range covers the 
high temperature side and the low temperature side, the 
fixing properties by high speed copying are enhanced, and 
the fixing properties at low temperatures and low pressures 
are both improved. 

To broaden the off set -free temperature range to the 
low temperature side, the low viscosity polyolef in resin with 
a number average molecular weight of less than 7,500 
contributes. To broaden the offset-free temperature range 
to the high temperature side, on the other hand, the high 



viscosity polyolefin resin with a number average moleculeir 
weigiit of 7,500 or more contributes. In order to broaden 
the offset-free temperature range to the high temperature 
side more effectively, it is preferred for the high viscosity 
polyolefin resin with a number average molecular weight of 
20,000 or more to be present. The proportions of the cyclic 
structure polyolefin resins with number average molecular 
weights of less than 7,500 and 7,500 or more contained in 
the entire binder resin are each preferably 0 . 5 part by weight 
or more, more preferably 5 parts by weight or more, based 
on 100 parts by weight of the entire binder, resin. If the 
content of each polyolefin resin is less than 0.5 part by 
weight, it is difficult to obtain a practical broad 
offset-free temperature range. 

In the case of the polyolefin resin having a cyclic 
structure composed of the low viscosity polyolefin. resin with 
a number average molecular weight of less than 7,500 and the, 
high viscosity polyolefin resin with a number average 
molecular weight of 25,000 or more, a medium viscosity 
polyolefin resin having a cyclic structure with a number 
average moleculax weight of 7 , 500 or more but less than 25 , 000 
is added to enhance the compatibility of these low and high 
viscosity polyolefin resin components- This addition has 
been found effective in bringing an offset-free range 
continuously. 

In other words, the binder resin at least containing 
a polyolefin resin having a cyclic structure, the polyolefin 
resin comprising resins or resin fractions having three 
molecular weight ranges expressed by number average 
molecular weight (Mn) , as measured by GPC . of less than 7,500, 
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7,500 or more but less than 25,000, and 25,000 or more is 
also an advantageous embodiment of the present invention . 
The resin fractions constituting the respective molecular 
weight ranges may be a resin having a molecular weight 
distribution with one or two peaks that can be divided into 
fractions with the above three molecular weight ranges 
expressed as Mn. Alternatively, the resin fractions 
constituting the respective molecular weight ranges may be 
a mixture of resins having molecular weight distributions 
with three or more peaks that have at least one- molecular 
weight peak in each of the above molecular weight ranges. 

The proportion of the medium viscosity polyolefin 
resin or resin fraction for increasing compatibility is 
preferably 1 part by weight or more, more preferably 5 parts 
by weight or more, based on 100 parts by weight of the entire 
binder resin. 

In the present invention^ a toner using as a binder 
resin a mixture of the polyolefin resin, composed of resins 
or resin fractions with Mn of less than 7, 500 and Mn of 7, 500 
or more, and other resin also realizes a high grade image, 
i.e., a high fixing strength and sharp image . The other resin 
refers to one of a polyester resin, an epoxy resin^. a 
polyolefin resin, a vinyl acetate resin, a vinyl acetate 
copolymer resin, a styrene-acrylate resin and other acrylate 
resin, or a mixture or a hybrid polymers of any of the 
mentioned polymers . The proportions of the polyolefin resin 
having a cyclic structure and the other resin used in the 
binder resin are 1 to 100, preferably 20 to 90, more preferably 
50 to 90 parts by weight of the former, and 99 to 0, preferably 
80 to 10, more preferably 50 to 10 parts 
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by weight of the latter, based on 100 parts by weight of the 
binder resin. If the amount of the former resin is less than 
1 part by weight , it becomes difficult to obtain a high grade 
image . 

By introducing carboxyl groups into the polyolef in 
resin having a cyclic structure, its compatibility with the 
other resin and the dispersibility of the pigment can be 
improved. Furthermore, the adhesion to paper or film, a 
copying medium, can be enhanced, leading to increased 
fixability. Two-stage reaction method of polymerizing the 
polyolef in resin having a cyclic structure first, and 
introducing carboxyl groups subsequently is preferred. 

At least two methods are available^f or introducing 
the darboxyl groups into the resin. One is a method of 
oxidizing an alkyl group, such as metJaCyl, at the end of the 
resin by the fusing air oxidation mi^hod to convert it into 
a carboxyl group. With this methjai^, however, the polyolef in 
resin of a cyclic structure th^ has been synthesized using 
a metallocene catalyst has few branches. maJcing it difficult 
to introduce many carboxyl/groups into this resin. The other 
method is to add a peroxide to the resin, and react maleic 
anhydride or other eater and esigm derivatives , amides and 
other polar unsatursnied compound:g^ith the resulting radical 
portion. With this method, it is theoretically possible to 
introduce many /carboxyl groups onto the resin, but an 
increased prc^ortion of introduction results in yellowing 
of the resip, making its transparency poor. If the use of 
the produot: is restricted to a toner, therefore, it is 
preferred to introduce 1 to 15% by weight , based on the resin, 
of maleA.c anhydride . The same improvement can be achieved 



by introducing y^hydroxyl groups or amino grpdps by a known 
method. 

To improve the Fixing-abili^^ of the toner, a 
crosslinked structure may be intjjtxiuced into the polyolef in 
resin having a cyclic structtfre. One of the methods for 
introducing this crosslipxed structure is to add a diene 
monomer, such as norboamadiene or cyclohexadiene, together. 
withAthe acyclic olefin and the cycloolefin, followed by 
reacting the sy^em, thereby obtaining a terpolymeric 
polyolef in having a cyclic ^st/ucture . As a result of this 
method, tKe resin has a terminal showing activity even 
without^a cross linking agent . A known chemical reaction such 
as ojc,a^aation or epoxidation, or the addition of a 
crofislinking agent to form a crosslinked structure, results 
i.n the functioning of the resin. 

Another method is to add a metal such as zinc, copper 
or calcium to the polyolefin resin of a cyclic structure 
having carboxyl groups introduced therein, and then blend 
and melt the mixture with a screw or the like to disperse 
the metal uniformly as fine particles in the resin, thereby 
forming an ionomer having a crosslinked structure. 
Concerning a technology itself on such an ionomer. United 
States Patent No. 4,693,941, for example, discloses a 
terpolymer of ethylene containing carboxyl groups which may 
take the form of a divalent metal salt upon partial or complete 
neutralization in an attempt to obtain toughness. 
JP-A-500348/94 reports a polyester resin molded product 
containing an ionomer of an unsaturated carboxylic acid that 
has about 20 to 80% of the carboxylic acid groups neutralized 
with zinc, cobalt, nickel, aluminum or copper (11), the 
product intended for the same purpose. 



The toner of the present invention uses a known 
function imparting agent to enhance the offset preventing 
effect. To improve this performance further, the addition 
of wax has been found effective- As a polar wax, at least 
one wax selected from amide wax, carnauba wax, higher fatty 
acids and their esters, higher fatty acid metallic soaps, 
partially saponified higher fatty acid esters, and higher 
aliphatic alcohols can be used as the function imparting 
agent . As a nonpolar wax, at least one wax selected from 
polyolefin wax and paraffin wax can be used as the function 
imparting agent . 

The polar wax may work as an external lubricant for 
the polyolefin resin which is a nonpolar resin, because of 
the difference in polarity. The nonpolar wax may work as 
an external lubricant mainly because of easy surface 
migration due to its low molecular weight, contributing to 
improved offset-free properties* 

The toner for development of an electrostatically 
charged image according to the present invention can be 
obtained by adding a colorant, a charge control agent, a 
function imparting agent, and if desired, other additives 
to the aforementioned binder resin, and performing known 
methods such as extrusion, kneading, grinding and 
classification. A flowing agent and a lubricant are further 
added. 

The colorant may be a known one, such as carbon black, 
diazo yellow, phthalocyanine blue, quinacridone, carmine 6B, 
monoazo red or perylene. 

Examples of the charge control agent are known ones 
such as Nigrosine dyes, fatty acid modified Nigrosine dyes. 



metallized Nigrosine dyes, metallized fatty acid modified 
Nigrosine dyes, ctiromixim complexes of 3,5-di-tert- 
butylsalicylic acid , quaternary ammonium salts , 
triphenylmethane dyes, and azochromium complexes. 

To the toner of the present invention, there may be 
further added a flowing agent such as colloidal silica, 
aluminum oxide or titanium oxide, and a lubricant comprising 
a fatty acid metal salt such as barium stearate, calcium 
stearate or barium laurate. 

The toner of the present invention can be used as a 
dry one-component magnetic toner, a dry one-component 
nonmagnetic toner, a dry two-component toner, a dry 
polymerized toner, a liquid dried toner, or a liquid toner. 
This invention is applicable . to a copier, a printer, a 
facsimile machine and an electrophotographic high speed 
printer. The invention is also applicable as a full-color 
toner in a color copier, a color laser copier and a color 
laser printer. 
EXAMPLES 

The present invention will be described in more 
detail by reference to Examples and Comparative Examples. 

The physical properties of the polyolefin resin 
having a cyclic structure used in the invention are measured 
by the following methods: 

GPC conditions for measurement of molecular weight 
Molecular weight conversion method; 

Standard polyethylene is used. 
Column used: JORDI-SAEULE 500x10 LINEAR 
Mobile phase: 1 , 2-dichlorobenzene (135*C) 

(flow rate 0.5 ml/min) 



Detector : Differential ref ractometer 

Method for measurement of intrinsic viscosity: 

Inherent viscosity at ISS^C when 1.0 g of the resin 

was uniformly dissolved in 100 ml of decalin 
<Toner preparation method 1> 

Dry nonmagnetic one component system and dry two 
component system: 

One % by weight of a change control agent (Copy Charge 
NX, HoechstAG), 4% by weight OT amide wax (BNT, Nippon Seika) , 



P_ 0'^^ by weight of aerosol s/lica (HDK-H2000,^Wacker^hemie) , 



( Pormaii u **L PLub-Lii F6B, ] 



5% by weight of magenta piygment ( Pormarim^L PLubiii F6B, Hoechst 
AG) as a colorant, and ^.5%^by weight of a bindejr resin were 
mixed, and melt kneaded at 130°C by a twin roll. Then, the 
mixture was cooled to solidification, and coarsely crushed, 
followed by finely dividing the particles using a jet mill. 
CP The resulting f:^e particles were classified to select 

ru 

tn particles with An average particle diameter of about 10 vnn. 



.Pi 
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thereby preparing a toner. 

<Toner preparation method 2> 

Dry magnetic one component system: 

Forty % by weight of a magnetic powder (BLIOO, 

Titcinium Industry) ^-1% by weight of a charge control agent 

cSft cHAm^ ATX® 

{ ■^rv rhpr'j'^ ^^- j HoechstAG), 4% by weight of wax (BNT, Nippon 
Seika), 0.5% by weight of aerosol silica (HDK-H2000, Wacker 
Chemie) , 2.0% by weight of calcium carbonate (Shiraishi 
Calcium) as an extender pigment and a structural viscosity 
improver, and 52.5% by weight of a binder resin were mixed, 
and melt kneaded at I50°C by a twin roll. Then, the mixture 
was cooled to coagulation, and coarsely ground, followed by 
finely dividing the particles using a jet mill. The 

16 



resulting fine particles were classified to select particles 
with an average particle diameter of about 10 pm, thereby 
preparing a toner. 
<Toner preparation method 3> 

Dry polymerized system: 
One % by weight of a charge^' control agent (Copy Charge 
NX, Hoechst AG), 4% by weight/of wax (BNT, Nippon Seika) ; 
0.5% by weight of aerosol si;/lca (HDK-H2000, Wacker Chemie) , 
and 5% by weight of magecfta pigment ( PGrmaniiiit - Ru trm F6B, 
Hoechst AG) as a colorant were mechanically dispersed and 
'mixed in monomer comp^^ents corresponding to 89.5% by weight 
of a binder resin at? the time of polymerization of the binder 
resin. The mixture was interf acially polymerized into 
particles withi4n average particle 'diameter of about 10 ]xm, 
thereby preparing a toner. 
<Toner preparation method 4> 
Liquid dried system: 

Forty % by weight of the toner obtained with the 
formulation of the dry polymerized system and 60% by weight 
of an electrolytic solution ( Lcopar Exxon) were mixed, ■ 
and kneaded by a sand mill to prepare a toner. 
<Toner preparation metl;iod 5> ^ 

Liquid toner : 

Forty % by weight of a mixture consisting of 1 part 
by weight of carbon black (MA-7, Mitsubishi Chemical Corp.) 
as a colorant, ^5 part by weight of a .charge control agent 

vertex ZiMB^ 

(ilGfleig- Dlufi R51, Hoechst AG), and 98.5 parts by weight of 
A- 

a binder resin was mix^d with 60% by weight of an electrolytic 
solution (Igopar H, Exxon) . The mixture was kneaded with 
a sand mill to prepare a toner. 
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Table 2 shows ttie fundamental properties of the 
polyolefin resin having a cyclic structure used in the 
present invention . 
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The toners prepared by the above toner prepaxation 
methods 1 . 2 and 3 were each placed in a commercially available 
electrophotographic copier (PClOO, Canon Inc.), and 
subjected to performance test. Then, the toners prepared 
by the toner preparation methods 4 and 5 were each placed 
in a commercially available electrophotographic copier 
(FT400i, Ricoh Co., Ltd.)* and sub jected to performance test. 
The results are shown in Table 3. 
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In Examples 1 to 8 and 20 to 30 and Comparative 
Examples 1, 2, 5 and 6, two methods for toner preparation 
are employed. However, the toner formulation and the resin 
structure are common, so that the results on the evaluation 
items are the same . 

Evaluation methods and evaluation criteria 

1) Fixing-ability 

The toners prepared with the respective formulations 
were each used for copying onto recycled papers at a copying 
rate of 10 copies/min at a fixing temperature of 110 to 140°C, 
with the fixing temperature for each copying cycle being 
raised by 10°C. The resulting copy samples were rubbed 10 
times with an eraser by using an abrasion tester of 
Southerland. The load during the test was 40 g/cm^. The 
tested samples were measured for the printing density using 

a Macbeth reflection densitometer. The symbol X was 
assigned when even one of the measured values at the 

respective temperatures was less than 65%. The symbol A was 
assigned when the measured values at the respective 
temperatures were 65% or more but less- than 75%. The symbol 

O was assigned when the measured values at the respective 
temperatures were 75% or more but less than 85%. The symbol 

@ was assigned when the measured values at the respective 
temperatures were 85% or more. 

2) Image sharpness 

The toners prepared with the respective formulations 
were each used for copying onto recycled papers. The 
resulting samples were checked against sample images of Data 
Quest. The thin line resolving power and gray scale of the 
copy image were used as bases for evaluation . The symbol 



X was assigned for a thin line resolving power of 200 
dots/inch or less, A for a thin line resolving power of 201 
to 300 dots/inch, and O for a thin line resolving power of 
301 dots /inch or more. The ratio of the reflection density 
of the copy image to the reflection density of the scimple 
image, at each step of the gray scale, was - evaluated as X 
when less than 65%, A when 65% or more but less than 75%, 
and O when 75% or more. 

3) Light transmission 

The magenta- colored toners prepared with the 
formulations of the Examples and the Comparative Examples 
were each used to produce sheet-shaped seunples 100 pm thick. 
The light transmission of each sheet sample was measured 
using an optical filter having a peak at 624 nm. The light 
transmittance rate at 624 nm was evaluated as X when less 
than 8%, A when 8% or more but less than 11%, and O when 
11% or more. 

4) Anti-spent toner effect 

The toner described in each of the Examples and the 
Comparative Examples and a f errite carrier of Powdertech were 
put in predetermined amounts into a developer box. After 
the mixture was agitated and triboelectrically treated for 
1 week, 5 g of the toner-deposited carrier was weighed. This 
toner-deposited carrier was put in soapy water to remove the 
toner electrostatically adhering to the surface. Only the 
carrier magnetic powder was withdrawn using a magnet. The 
magnetic powder was immersed in acetone to dissolve and 
remove the spent toner fused to the surface. A change in 
the weight after immersion compared with the weight before 
immersion was evaluated as O when less than 0.2%, A when 



0.2 or more but less than 0.5%, and X when 0.5% or more. 
5) Offset-free properties 

The toners prepared with the respective formulations 
were each used for copying onto recycled papers at a copying 
rate of 10 coples/min at a fixing temperature of 90 to 180* C, 
with the fixing temperature for each copying cycle being 
raised by 10° C. The printing density of the non-image areas 
of the resulting samples was measured using a Macbeth 
reflection densitometer. The printing density of 0 . 2 or less 
(printing density of paper =0.15) represented an offset-free 
state. The difference between the upper limit and lower 
limit temperatures in the offset-free state was evaluated 
as X when 0°C, A when 1 to 20" C, O when 21 to 40-0, and© 
when higher than 40° C. 



